Principal component analysis and hierarchical cluster analysis were applied to investigate physicochemical and instrumental textural properties of fresh kashar cheese. Four different principal components sufficiently explained the variability in the cheese samples. In addition, hierarchical cluster analysis was performed to group the kashar cheese samples regarding physicochemical and instrumental textural properties. Instrumental textural properties indicated greater variability than chemical composition of cheese samples. Principal component analysis revealed that color parameters were positively correlated with textural and chemical parameters. The results of this study revealed that other parameters rather than chemical composition would be effective on the instrumental textural properties. It was proved that principal component analysis was a very effective statistical tool to determine quality of cheese samples. According to the principal component analysis and hierarchical cluster analysis results, the attributes defining the kashar cheese samples were determined to be primarily the texture profile analysis parameters.
INTRODUCTION
Cheese is an indispensable dairy product in breakfast throughout the world. More than 1000 cheese varieties are produced and consumed in the world. [1] Kashar cheese is one of the traditional cheese types widely consumed in Turkey and other bordering countries. In Balkan countries, similar cheeses (pasta-filata type cheeses) are extensively manufactured and known as "Kashkaval." [2, 3] Kashar
910 EROGLU ET AL. cheese is classified as fresh and old based on ripening periods. Old or matured kashar cheese is ripened at least 90 days while fresh kashar cheese is sold without ripening. [4] The production and consumption of fresh kashar cheese has increased in recent years due to economical factors. [5] They can also be used in toasted sandwiches and baked foods like pizza. [6] Many different fresh kashar cheeses are available in the market. Its physicochemical and instrumental textural characteristics determine quality or consumer preference; therefore, determination and labeling of these properties are important. Chemical composition and instrumental textural properties of kashar cheese samples depend mainly on milk type, milk composition, and production methods as well as many other factors involving cheese, biochemical changes occurred throughout ripening, [7] pH, moisture and salt content, [8] and proteolysis causing to form peptides having different molecular weights by breaking down casein. [9] Texture is the quality attribute important for evaluation of product quality and acceptability. [10] Textural characteristics of the foods are determined by sensory and instrumental analysis. In recent years, instrumental analysis has been performed to assess textural properties since it provides objective results and repeatability. Instrumental textural properties of the product are important for quality control and product development. [11] In addition, sensory response to a mechanical stimulus of food is nonlinear and is affected by several factors involving adaptation and fatigue, [12] training level of the participants. [13] There are several methods used in the food industry to determine textural properties. Texture profile analysis is one of the methods widely performed to determine hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness, and resilience values of the food products.
Principal component analysis (PCA) works based on transformation of the original variables into new axes or principal components (PCs). Thanks to its orthogonality, data presented in the axes are not correlated with each other. By applying PCA, it is possible to express maximum total variation in data set in only a few PCs and represent the decrease of the variation. [14] Hierarchical cluster analysis (HCA) is also very useful to cluster food samples regarding dissimilarities without considering information about the class membership. [15] In the literature there are a great number of studies focusing on the textural properties of different cheese samples. However, no study has appeared so far on the classification of kashar cheese samples and identification of the most important principal components with respect to textural parameters. Therefore, the aim of the present study was to determine physicochemical and textural properties of the 30 brands of kashar cheese samples manufactured in Turkey. PCA was conducted based on the correlation parameters to reduce the number of parameters, which might explain most of the variability. In addition, HCA was used to classify cheese samples based on physicochemical and textural properties.
MATERIALS AND METHODS
Materials Thirty different fresh kashar cheese samples were collected from local markets in Kayseri, Turkey. The collected samples were kept in a dry and dark place and stored at 0−4 • C in order to minimize any deteriorative changes in the proximate composition of the samples until their analysis.
Physicochemical Properties
Before chemical analysis, the cheese samples were ground and homogenized to achieve homogeneity. Dry matter and protein contents of the samples were determined as outlined. [16] Dry matter contents were determined by drying in an oven (Nüve FN 120, Ankara, Turkey) at 105 • C for 3 h. Protein contents were determined based on the Dumas method using an automatic nitrogen analyzer (FP 528 LECO, ABD). The Gerber method was used for detection of fat contents. Color measurements were performed at 20 • C using a chroma meter (Lovibond RT Series Reflectance Tintometer, England). The L, a (±red-green), and b (±yellow-blue) color coordinates were determined according to the CIELab color space system. Measurements were made directly on the cheese samples and carried out three times, one on the middle and two on different parts of the samples. Each analysis was conducted in duplicate with three replications.
Instrumental Texture Profile Analysis (TPA)
Instrumental texture profile analysis (TPA) of the samples was conducted at 25 • C using a TA-XT2 texture analyzer (Stable Micro Systems, Surrey, UK) equipped with a 25-kg load cell, cylindrical aluminum probe (aluminum cylinder probe P/50, 50 mm diameter; Stable Micro Systems LTD, Godalming, UK). Prior to the textural analysis, samples were cut into a cube (2 × 2 × 2 cm 3 ). A cylindrical aluminum probe (P/50, 50 mm diameter; Stable Micro Systems LTD, Godalming, UK) was used. Pre-test, test, and post-test speeds were adjusted to be 5, 1, and 5 mm/s, respectively. Deformation type applied to samples during analysis was selected as strain and set to be 50%. Five replicates were conducted to determine the TPA profile of each kashar cheese sample. The following parameters were quantified: [17] Hardness (g) defined as maximum force required to compress the sample in texture profile analysis; adhesiveness [g (force) × s (second)] under the baseline after the first compression in texture profile analysis; springiness (mm), ability of the sample to recover its original form after deforming force is removed in texture profile analysis; resilience, the calculation is the area during the withdrawal of the first compression, divided by the area of the first compression; cohesiveness, extent to which the sample could be deformed prior to rupture in texture profile analysis (Area 2/Area 1, Area 1 was the total energy required for the first compression and Area 2 the total energy required for the second compression); gumminess (g), hardness × cohesiveness; chewiness (g × mm), work required to masticate the sample before swallowing (calculated parameter was hardness × cohesiveness × springiness).
Statistical Analyses
The average values of each parameter were calculated by using SPSS statistical software (Version 16.0, SPSS Inc., Chicago, IL, USA) and reported as mean ± standard deviation. Principal component analysis (PCA) and hierarchical clustering analysis (HCA) were performed using XLSTAT Software (XLSTAT, 2008, Addinsoft, New York, NY, USA) to categorize the kashar cheese samples based on their physicochemical (chemical and color) and textural characteristics. In addition, correlations among the physicochemical and textural characteristics were determined using the Pearson correlation method using the XLSTAT software.
RESULTS AND DISCUSSION

Physicochemical Properties
In the classification of cheese samples, physicochemical properties are one of the most important descriptive properties. Dry matter, fat, and protein contents as well as color properties (L, a, and b values) for characterizing the variability in cheese samples are demonstrated in Table 1 . Significant differences were found in dry matter, fat, and protein contents and L, a, and b values among 30 cheese samples.
Dry matter contents ranged between 51.47 and 61.58 g/100 g sample (Table 1 ). It was clear that dry matter content varied remarkably among the kashar cheese samples, which was thought to result from composition of milk used in kashar production, ripening period, and processing conditions like cooking and molding. In addition, porous structure of the kashar is also an important factor, [18] which affects transfer of water from sample to environment. Fat (in dry matter) contents of the kashar cheese samples ranged between 25.78 and 51.57 g/100 g sample ( Table 1 ). As can be seen from Table 1 , there were remarkable differences among the fat contents of the samples. Consistent results were reported in the literature. [19, 20] Kashar cheese samples are classified as full fat or low fat regarding fat content. According to the kashar regulations released by Turkish Standard Institute (1995) , a full fat kashar cheese should include at least 45% fat in dry matter content. [4] Therefore, in this study, approximately 82.22% of the kashar samples were classified as full fat kashar cheese. Protein contents varied between 19.90-28.40 g/100 g sample. The differences among protein contents could be attributed to the differences in compositions of the milk processed to kashar and ripening conditions. Total protein and fat content in dry matter changed between 78.06 g/100 g sample and 96.47 g/100 g sample. The remaining part might be composed of salt and mineral content.
Salt content of different kashar cheese samples were found to be 2.8 g/100 g sample [21] and 1.1-6.0 g/100 g sample [22] in different studies. Regarding color values, L, a, and b values were measured between 63.90 and 79.03, -1.19 and 1.18, 7.04 and 21.44, respectively. Differences in the composition of the cheese samples, especially fat content, could be kept responsible for the differences among the color values.
Instrumental Textural Properties of the Kashar Cheese Sample
Instrumental texture profile analysis (TPA) parameters (e.g., hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness, and resilience) of the kashar cheese samples are shown in Table 1 . Hardness, adhesiveness, gumminess, and chewiness values were determined to range from 34.76 to 112.6 N, -0.310 to -1.176 N × s, 20.50 to 66.28 N, and 0.0127 to 0.0530 N × m, respectively, indicating that there were remarkable differences among the values of the cheese samples. On the other hand, springiness, cohesiveness, and resilience values varied from 0.54 to 0.86 mm, 0.37 to 0.74, and 0.11 to 0.32, respectively, showing that there were also differences among these values of cheese samples; however, these differences were not as remarkable as those among the hardness, adhesiveness, gumminess, or chewiness values of the cheese samples. Chewiness value is an important quality parameter affecting acceptability of the consumer for the product. As is known, generally old people want to exert a lower effort to chew; therefore, they would prefer cheese samples having less chewiness values. In other words, chewiness is a parameter that simulates the quantity of the energy required for masticating the sample until swallowing. [23] Gumminess and chewiness depend on hardness, cohesiveness, and springiness; [17, 24, 25] therefore, the factors affecting the hardness should be expected to affect these parameters. Based on these reports, it can be said that the great variations among the hardness, adhesiveness, gumminess, and chewiness values of the cheese samples in this study (Table 1) should also mean that there were great variations among the compression forces and other forces required to remove cheese from the contact surface of the mouth as well as efforts to exert to chew.
Springiness value is important for determination of the elastic or plastic characteristic of the cheese samples. [26] Cohesiveness value of the cheese is related with the strength of the internal bonds of the protein mycelium. [26] Therefore, relatively smaller variations among these mechanical variables of the cheese samples indicate that there might be also differences among abilities of the cheese samples to recover and strengths of the internal bonds of the protein mycelium of each cheese sample. Table 2 showed the correlation coefficients among the 13 variables. There were several significant correlative parameters among the variables. For example, there were positive and negative correlations among brightness (L values) and textural properties, redness and yellowness, and chemical properties. Brightness was positively correlated with four mechanical variables (hardness, springiness, gumminess, and chewiness), but negatively correlated with adhesiveness. Brightness was also correlated with dry matter and protein contents; but these were negative correlations ( Table 2 ). In addition, there were negative correlations among redness-yellowness and protein contents. The results of correlation analysis revealed that brightness of the kashar cheese samples may be an indicator parameter, reflecting instrumental textural properties and chemical composition of cheese samples.
Correlation Analysis
Regarding correlations among the TPA parameters, significant correlations were found. For example, hardness was found to be negatively correlated with adhesiveness and positively correlated with springiness, chewiness, and gumminess. To summarize, each TPA parameter was positively with the other; however, adhesiveness was the only parameter that was negatively correlated with the others (Table 2 ). These results can be expected because each parameter should be inherently related with the other.
On the other hand, it was also interesting that no significant correlations were found among chemical composition (moisture, fat, and protein content) and instrumental textural parameters of the cheese samples. These results were found to be interesting because proximate compositions, like protein and moisture contents, are known to have some effects on, at least, hardness values. In other words, it was thought at the first sight that chemical composition should necessarily play a role on the textural parameters. As a matter of fact, in the literature, some correlations were reported among the chemical composition and TPA parameters. But these reports were somewhat controversial. For example, a positive correlation was reported between dry matter content and cohesiveness value, [27] while a negative correlation was reported by Delgado et al. [28] Also, a negative correlation between fat content and cohesiveness value was reported. [29] However, our results did not reveal such correlations among the chemical composition and instrumental textural parameters. Therefore, the correlation analysis in this study led us to think that some factors other than chemical composition must have had an effect on the instrumental textural parameters. Accordingly, Upreti et al. [30] reported that fat type, proteolysis degree during ripening, moisture content, and pH value of the kashar cheese samples are also other important factors, which might affect hardness values. In the literature, concrete results of interest were reported by Karaman and Akalın [27] who determined that an increase in the degree of proteolysis during ripening caused a decrease in hardness values of the cheese sample. Furthermore, the level of proteolysis was reported to vary depending on the cheese type; therefore, each type of cheese has a specific pattern of proteolysis, leading to classification of cheeses using proteolytic data. [31] In addition, positive correlations between salt contents and hardness values were reported. [32] The amount and structure of protein network (cross-linkages in the protein matrix) as well as polar characteristics of the fat are the other factors affecting instrumental textural properties of the kashar cheese samples. [26, 33, 34] Further factors influencing the TPA parameters were reported in the literature. Dinkçi et al. [24] reported that cohesiveness value of the cheese samples might be influenced from several factors, such as intermolecular associations of casein, hydrophobic characteristics of the fat types found in the formulation, and production techniques. In addition, ripening period of the cheese sample was also thought to be one of the factors affecting the cohesiveness values. However, controversial information was reported in the literature. Awad et al. [7] reported that cohesiveness value of the cheese samples decreased during ripening, while Özer et al. [35] and Tamime et al. [36] reported opposite results, revealing that cohesiveness value of cheese samples increased during a prolonged storage period. Correlations between the parameters 
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Note:
In bold, significant values (except diagonal) were at the level of significance alpha = 0.050 (two-tailed test).
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PCA Analysis
In the literature, PCA and cluster analysis were successfully used to relate instrumental textural properties of some food materials with different quality levels to physicochemical properties. [11] In this study, it was aimed to classify the cheese samples based on their instrumental textural properties related to physicochemical properties. For this purpose, PCA was applied to classify the kashar cheese samples using physicochemical and instrumental textural data listed in Table 1 . Using the cross-validation technique, four PCs were established to be significant for explanation of total variability of physicochemical and instrumental textural properties. Table 3 shows the eigen values and variance values of each PC. As can be seen, eigen values of the PC1-PC4 were found to be higher than 1, indicating that they were adequate for description of the variance in the data set given the Kaiser's rule. PC1, PC2, PC3, and PC4 accounted for 36.54, 21.06, 14.82, and 12.10% of total 100% variability, respectively, in the data set. In other words, 84.52% of the total variance in the 13 tested variables can be condensed into four new variables (PCs). This percentage can be considered to be sufficient for explanation of the variability since it was higher than 70%. [37] PC coefficients (loadings) of the significant principal components and their contributions are shown in Table 4 . According to Table 4 , the parameters explained the variation of the PCs, as follows: PC1: Hardness, springiness, gumminess, chewiness, and resilience; PC2: Protein, L and a values, and cohesiveness; PC3: Dry matter and fat; PC4: b value and adhesiveness.
These results showed that the most important variables for the first PC were the textural parameters (except for adhesiveness and cohesiveness). Therefore, the first PC was defined as the textural quality. The PC2 and PC3 were mainly characterized by physicochemical properties except for b values. Finally, b values and adhesiveness are important for the PC4.
Score plots and loading PCs are shown in Fig. 1 , where F1-F2, F1-F3, and F1-F4 plots are also presented. From the F1-F2 score plot, it appears that L value was positively related to hardness, gumminess, and a value because they were located on the same quadrant. Except for adhesiveness, all of the instrumental texture parameters fell in the right-hand area of PC1. Among the six textural parameters, cohesiveness, resilience, springiness, and chewiness were inherently opposite from the others because they are located in the opposite side as compared to the other two textural parameters (hardness and gumminess) on the score plot. Regarding sample clustering results, loading PCs revealed that the samples coded with S10, S11, S15, S19, S22, and S25 clustered on the upper right quadrant of the F1-F2 plot, resulting from their L values ranging between 73.78 and 77.66. S5, S21, and S24 were located on the lower left quadrant on the F1-F2 plot due to their high protein contents. The clustering on the upper right quadrant of the F1-F3 plot resulted from the significant correlations among hardness, gumminess, and cohesiveness. The observed relations from these score plots were previously explained by the correlation analysis ( Table 2) .
Hierarchical Cluster Analysis (HCA)
HCA was performed to classify the kashar cheese samples regarding dissimilarities without considering information about the class membership. [15] Figure 2 shows the dendrogram obtained from HCA. As can be seen from the figure, three different clusters were observed. Protein and adhesiveness of the kashar cheese samples were important parameters for formation of the cluster 1. Cluster 2 was formed regarding fat and dry matter. The other cluster (C3) was formed based on the instrumental textural parameters except for adhesiveness value. The PCA and HCA results were similar regarding classification of the kashar cheese samples based on their textural and physicochemical properties.
CONCLUSIONS
The attributes defining the kashar cheese samples were determined to be primarily the TPA parameters. There were remarkable correlations among color parameters and instrumental textural 918 EROGLU ET AL. properties. However, no clear correlations among chemical composition and instrumental textural parameters were found due to many aforementioned factors affecting the instrumental textural parameters, simultaneously. PCA proved to be very successful to determine the most effective variables and to reveal relationships among the variables. By the first four PCs, 84.52% of the total variance in the 13 considered variables could be explained. The differences among the brands could be well distinguished by the PCA score plots. These results were also proved by the HCA, confirming the PCA correlations. The results in this study might be useful to understand which physicochemical properties would contribute to the texture of cheese samples, helping to choose cheeses with desired textural attributes and should facilitate local and international trade of cheeses by providing a basis for the development of a clear classification of cheeses.
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